Summary Our randomized controlled trial in prematurely menopausal breast cancer survivors showed that impact + resistance training prevented increases in percentage of body fat compared with controls and also improved BMD at the hip and prevented BMD loss at the spine among exercise-trained women who were menopausal for >1 year. Introduction Cancer treatment-related menopause worsens bone health and body composition in breast cancer survivors (BCS). We investigated whether impact + resistance training could improve bone mineral density (BMD), reduce bone turnover, build muscle, and decrease fat mass in BCS with premature menopause. Methods We conducted a randomized controlled trial in 71 BCS (mean age, 46.5 years) within 5 years of treatment-related menopause. Women were randomly assigned to one of two groups: (1) impact + resistance training (prevent osteoporosis with impact + resistance (POWIR)) or (2) exercise placebo (FLEX) 3×/ week for 1 year. Outcomes were hip and spine BMD (in grams per square centimeter) and body composition (percent body fat (%BF) and lean and fat mass (in kilograms)) by DXA and bone turnover markers (serum osteocalcin (in nanograms per milliliter) and urinary deoxypryrodinoline (in nanomoles per milliliter). Results There were no significant group × time interactions for bone outcomes when using an intent-to-treat approach on the full sample. In analyses restricted to BCS who were menopausal for ≥1 year, POWIR increased BMD at the hip and slowed BMD loss at the spine compared with FLEX (femoral neck-POWIR, 0.004±0.093 g/cm 2 vs. FLEX, −0.010±0.089 g/cm 2 ; p<0.01; spine-POWIR, −0.003±0.114 g/cm 2 vs. FLEX, −0.020±0.110 g/cm 2 ; p00.03). POWIR prevented increases in %BF (POWIR, 0.01 % vs. FLEX, 1.3 %; p<0.04). Women with attendance to POWIR at ≥64 % had better improvements in %BF than women attending less often (p<0.03). Conclusion Impact + resistance training may effectively combat bone loss and worsening body composition from premature menopause in BCS.
Introduction
Bone loss and unfavorable shifts in body composition (e.g., decreased muscle mass and increased fat mass) are known consequences of breast cancer treatment [1] [2] [3] . Adjuvant hormone manipulation therapy and chemotherapy contribute to bone and body composition changes during treatment and these shifts can persist long term [4] . Premenopausal patients may experience chemotherapy-induced amenorrhea or undergo pharmacologic ovarian suppression treatment, subjecting them to further bone loss [3] and fat gain [5] from estrogen deprivation. Nearly 25 % of women with breast cancer are premenopausal at diagnosis and up to 70 % of those treated with chemotherapy may experience premature menopause [6, 7] .
The collective impact of adjuvant treatments on body composition may be substantial. Adjuvant chemotherapy has been associated with a 1-2 % loss of bone density [8] , a 1-to 2-kg loss of lean body mass and a 1-4 % increase in percent body fat [5, 9] . Chemotherapy-induced ovarian failure accelerates bone loss to 5-8 %/year [4, 10] and exacerbates fat gain [5] . Selective estrogen receptor modulators (SERM) preserve bone in postmenopausal breast cancer survivors (BCS) but cause fat gain [1, 2] , while aromatase inhibitors (AI) cause bone loss of 2 to 3 %/ year [2, 8] but may increase lean mass and prevent fat gain by about 1 kg [11] .
Prematurely menopausal BCS face multiple treatmentrelated threats to healthy body composition but have seldom been the subjects of lifestyle interventions to restore healthy body composition after treatment. Resistance exercise can build muscle and reduce body fat in adult women without cancer [12] and when combined with impact loading may optimally target bone [13, 14] . The aim of this study was to determine whether our program of impact + resistance exercise, shown to stop bone loss in older BCS [15] and to build bone and decrease body fat in middle-aged women without cancer [16, 17] , could also improve bone and body composition in prematurely menopausal BCS. We also evaluated intervention effects on bone turnover markers because elevated bone turnover is associated with increased fracture risk independent of bone mineral density (BMD) [18] , and these markers increase with amenorrhea [19] and AI therapy [20] .
Methods

Trial design
We conducted a 12-month randomized controlled trial comparing a progressive, supervised impact + resistance exercise (prevent osteoporosis with impact + resistance (POWIR)) to an exercise placebo (FLEX). All testing and exercise training took place between October 2006 and January 2009. The Oregon Health & Science University Institutional Review Board approved the study protocol and procedures.
Participants
The target sample in this study was BCS recently menopausal from cancer treatment. Eligible women met the following criteria: stages I-IIIa breast cancer, completion of chemotherapy ≥6 months and <5 years prior to study enrollment, prematurely menopausal, hip and spine Tscores>−2.5, no medication to treat bone loss, physician clearance for moderate-intensity exercise, and participation in <60 min/week of resistance training. Premature menopause was defined as being premenopausal at diagnosis and meeting one of the following: (1) amenorrheic for ≥6 consecutive months and within 1 year after starting chemotherapy, (2) confirmed menopause by blood tests within 1 year prior to enrollment, or (3) on LHRH-agonist therapy for ≥6 months before enrollment.
Women were recruited through mailings from the Oregon State Cancer Registry, clinician referral, community events, and advertisements. Sample size determination was based on a 2×3 mixed design analysis of covariance (MD-ANCOVA) using data from our previous intervention [16] . Group sizes of n035 provided power of 0.81-0.99 to detect significant group × time interactions for bone, lean and fat mass measures at ∝00.01 with effect sizes of 0.014 g/cm 2 , 0.9 kg, and 2 kg, respectively. We planned to recruit a sample at least 20 % larger (n088) to allow for attrition.
Procedures
After providing written consent, women completed questionnaires, physical testing, and biological specimen collection. Blood and urine samples were collected in the morning after a 12-h fast and stored at −70°C for analysis. Questionnaires, tests and specimen collection were repeated at 6 and 12 months. Test protocols were administered by trained technicians blinded to group assignment. Randomization was stratified by adjuvant hormone therapy use (AI or SERM vs. none) and current aerobic activity (≥ vs. <90 min/week). Group assignments for each combination of strata generated were placed in sealed, sequentially numbered envelopes and opened after baseline testing.
Study programs
Participants in each group were prescribed a training program consisting of supervised classes 2 days a week plus home exercise 1 day a week for 12 months. Trained exercise instructors delivered supervised classes and participants followed a similar training program at home. Participants tracked their attendance and completion of exercises on training logs and reported any injury, side effect or symptom associated with the study program to the exercise instructor. If prescribed, women wore compression sleeves for lymphedema during training. Impact + resistance intervention The impact + resistance intervention (POWIR) was similar to that used in older, postmenopausal BCS [15] and was based on our prior interventions in women without cancer [17, 21] . POWIR complies with the American College of Sports Medicine guidelines for exercise in cancer survivors [22] and follows their recommendations for improving bone health in adult women [13] , calling for resistance and/ or impact exercise that produces varied and moderate to high bone loading forces for 30-60 min/session.
The POWIR program has been described previously [15] but important elements, including training volume and rate of training progression are summarized (Table 1) . Free weights (e.g., dumbbells, barbells, resistance bands, and weighted vests) were used to apply resistance. Intensity for lower body training was prescribed as percentage of body weight loaded into a vest and for upper body training as an 8-15 repetition maximum. Adjustments in vest weight were made on a monthly basis according to the training plan and in adjustment with participant tolerance. The exercise instructor continuously monitored upper body effort and increases in weight were made when a participant could complete or exceed the highest number of specified repetitions for a given training phase. Specific resistance exercises engaged muscles attached to skeletal sites of interest (proximal femur and lumbar spine) while impact loading consisted of two-footed jumps wearing weighted vests.
Exercise placebo Participants in the placebo group performed a series of whole body stretching exercises aimed to improve flexibility and relaxation exercises, also previously described [15] . The prescription for FLEX called for one to two sets of eight to ten seated/lying stretching movements, lasting 15 to 60 s/stretch. FLEX was not expected to change bone or body composition because stretching is nonweight bearing, low-force and has little energy cost.
Study measures
Demographic and clinical characteristics were obtained by self-report. The Charlson comorbidity index was used to describe the overall health of study participants [23] . Menopausal status was clinically determined at each time point by self-report of menstrual cycles in the prior 6 months and then further evaluated by radioimmunoassay for follicle stimulating hormone (FSH) from stored serum collected at baseline. FSH levels >30 mIU/ml and estradiol <30 pg/ml are considered menopausal in women without cancer.
Body composition: BMD (in grams per square centimeter) of the proximal femur (hip) and anterior-posterior lumbar spine (L 1 -L 4 ), was assessed by DXA (Hologic QDR Discovery Wi; software version 12.0). Bone-free lean and fat mass (in kilograms) of the whole body were determined from a whole body DXA scan. Licensed technicians conducted all DXA scans that were subsequently analyzed by a single technician. In-house coefficients of variation (CV) for BMD are 1.0-1.5 % and for %BF are 1.5-2.0 % [16] .
Bone turnover was assessed by serum osteocalcin (in nanograms per milliliter), a byproduct of bone formation and urinary deoxypyrodinoline cross-links (in nanomoles per millliter), a byproduct of bone degradation adjusted urine volume (creatinine in millimoles milliliter). Biomarkers were analyzed in batch by enzyme-linked immunoassay using commercial kits (Diagnostic Systems Laboratory, Inc). Interassay CVs from our laboratory are 5.7 and 6.2 % and intraassay CVs are 8 and 4.8 % for deoxypyridinoline and osteocalcin, respectively.
Maximal muscle strength of the upper and lower body was included to validate the effectiveness of the prescribed resistance program and evaluated by a one-repetition maximum leg press and chest press (in kilograms), according to standard protocols. We have described our use of this test in older BCS [15] . Our in-house CVs are 6.6 and 7.5 % for leg and chest press, respectively.
Habitual physical activity and dietary intake in the past month were measured by the Community Healthy Activity 
9 -10 % BW 9-10 10 9-10 % BW 2-3 8 -12 6-8 RM 2-3 6 -8
7-12 9-10 % BW 10 10 9-10 % BW 2-3 8 -12
Intensity for jumps and lower body exercises set as a percentage of body weight (BW) loaded into weighted vests. Intensity for upper body exercises set as a repetition maximum (RM) where a higher RM indicates a lower workload (participant is doing lower weight for more repetitions) and a lower RM indicates a higher workload
Model Program for Seniors (CHAMPS) questionnaire [24] and the Block Food Frequency Questionnaire (FFQ) [25] . CHAMPS estimates total weekly energy expenditure (in kilocalories per week) from low-vigorous intensity physical activities in the past month. The block FFQ to estimates average daily energy intake (in kilocalories per day) and calcium intake (in milligrams per day) from food, beverages, and supplements over the prior 6 months. Adherence and compliance data were abstracted from attendance records and training logs. Intervention adherence was the percentage of prescribed sessions attended by each participant while compliance was the percentage of completing exercises as prescribed.
Training effects on lymphedema was documented by comparing circumferences between arms measured at the base of the middle finger, wrist, and distal forearm at 0, 3, 6, and 12 months of training [26] . Women also reported symptoms of lymphedema to the trainer and in training logs.
Statistical analysis
Descriptive statistics were used to characterize the sample (SPSS, v.19). Intent-to-treat (ITT) analysis was performed using Hierarchical Linear Modeling (6.08 software) analyzing each participant according to her originally assigned group and regardless of missing 6-or 12-month data. In addition to ITT analysis, data from participants with complete baseline and 12-month data (per protocol (PP)) were considered to evaluate intervention effects using separate 2 (group)×3 (time) MD-ANCOVA for each outcome. Age, time since diagnosis and adjuvant hormone therapy were included as covariates.
We also examined potential effect modification from adjuvant hormone therapy use on primary outcomes. We explored the impact of adherence on study outcomes within POWIR by comparing women whose adherence was greater than or equal to the mean value to those who were below the mean. We also performed separate sensitivity analyses to determine whether outcomes changed when excluding: (1) women with high estradiol levels (>100 pg/ml) at any time point; (2) women who switched, discontinued, or initiated adjuvant hormone therapy; or (3) women who were menopausal for <1 year based on the rationale that the osteogenic potential of exercise may be reduced during the early phase of estrogen deprivation [27, 28] .
Results
Sample
Twenty-six percent of interested women were eligible and willing to enroll in the trial (Fig. 1) . After baseline testing women were randomized to POWIR (n036) or FLEX (n0 35) (Fig. 1 ) and 68 % provided baseline and final data (POWIR, n023; FLEX, n025). Compared with women who did not withdraw, study drop outs reported higher caloric intake (completed, 1,556±506 kcal/day; dropped, 1,926±588 kcal/day; p<0.05), were more likely to be Hispanic (completed, 0 %; dropped, 13 %; p<0.01), and were less likely to have received radiation therapy (completed, 69 %; dropped, 38 %; p<0.03).
On average, women were in their mid-40s, in good health, overweight, and menopausal by FSH levels ( Table 2) . Mean estradiol level in FLEX was slightly higher (35.0 pg/ ml) but not significantly different from POWIR. Two women in FLEX had baseline estradiol levels more than 3 standard deviations above the mean, yet reported amenorrhea for 6 months prior to enrollment. Excluding these outliers did not change study outcomes. Groups did not significantly differ at baseline on any demographic, study outcome or other clinical characteristic. Across the study period, energy intake decreased more over time in FLEX than in POWIR (Table 3 ; p<0.05). Because changes in caloric intake could confound intervention effects on body composition, this variable was included as a covariate in analyses of body composition outcomes.
Intervention
In POWIR, adherence to supervised and home-based sessions averaged 64 and 26 %, respectively, and in FLEX averaged 72 % for supervised and 41 % for home-based sessions. Group differences for adherence approached significance for home-based (p00.05), but not supervised sessions. Adherence to supervised sessions dropped by about 20 % in both groups from the first to second half of the intervention, while home-based adherence dropped by 10 % in POWIR and 3 % in FLEX. Three participants in POWIR stopped increasing vest weight at month 6 due to back (N0 2) or knee (N01) pain, and one participant stopped lower body exercises at month 5 due to pain, resulting in a protocol compliance of 84 % in POWIR and 100 % in FLEX. There were no significant changes in upper-extremity circumference measures within or between groups over time (data not shown), indicating neither condition affected lymphedema. Maximal upper and lower body strength increased progressively in POWIR (Table 3 ) compared with nonlinear changes in FLEX (Table 3 ) with significant group differences for upper body strength (ITT results-coefficient on slope of time03.12, SE01.25, t(64)02.49, and p<0.02).
Outcomes
There were no significant group×time interactions for BMD at any skeletal site (Table 3) , based on either ITT or PP analyses. There was no effect of adjuvant hormone therapy, adherence, or exclusion of women with high estradiol on outcomes. However, when women in the very early phase of menopause (<12 months postmenopausal; n013) were removed from either ITT or PP analyses (Fig. 2) , significant group × time interactions emerged for both spine (ITT results-coefficient on slope of time00.009, SE00.004, t (48)02.21, and p00.032) and femoral neck BMD (ITT results-coefficient on slope of time00.011, SE00.004, t (48)03.19, and p00.004). Among women who were 1+ years past the onset of menopause (n049), spine BMD steadied and femoral neck BMD increased in POWIR compared with losses in FLEX (Fig. 2) . Women who were 1+ years past menopause onset were significantly older and further from diagnosis than recently menopausal women (age, 47.4±4.6 vs. 43.4±4.8; p<0.01 and time since diagnosis, 35.3±15.7 vs. 13.6±6.2; p<0.01, for women 1+ vs. <1 year postmenopausal, respectively); however, these groups did not differ on any other clinical measure nor on baseline values of study outcomes, process variables, or potential covariates (data not shown). There were no significant group × time differences, effect modification, or change with sensitivity analysis for either bone turnover marker, with osteocalcin decreasing and deoxypyrodinoline cross-links increasing in both groups over time (Table 3) . For body composition outcomes, there was a significant group x time interaction for %BF (ITT results-coefficient on slope of time0−0.672, SE00.319, t(60)0−2.11, and p0 0.039) but not for absolute lean or fat mass (Table 3) . Despite a slight increase in body weight, participants in POWIR maintained %BF whereas FLEX participants increased by 1.3 %. Group differences in %BF were independent of adjuvant hormone therapy use and were unaffected when excluding women who switched their hormone therapy regimens. POWIR participants whose adherence to supervised classes was at or above the mean (64 %) became leaner than women with lower adherence (p<0.05; Fig. 3 ).
Discussion
Among BCS with recent treatment-related menopause, participation in a program of combined impact + resistance exercise (i.e., POWIR) prevented increases in body fat percentage and was more effective when participation was more frequent. POWIR did not appear to affect either index of bone health, e.g., BMD or bone turnover markers; however, the phase of menopause may have masked an underlying benefit of exercise on the skeleton. When considering only women who were a year or more past the onset of menopause, POWIR effectively stopped bone loss at the spine and increased BMD at the hip compared with bone loss at both sites in FLEX participants performing lowintensity stretching (Fig. 2) .
The beneficial effect of our combined impact + resistance exercise program on hip and spine BMD, albeit specific to women outside of the acute phase of menopause, is congruent with our original trial of this program in premenopausal women without cancer [17, 29] . POWIR also prevented a similar degree of bone loss at the spine in older, postmenopausal BCS but failed to affect hip BMD. Others have reported that age may alter the effectiveness of exercise at [30, 31] . We have previously shown that the osteogenic effects of POWIR at the spine are attributed to the resistance component and the effects at the hip are attributed to the combination of resistance + impact (jumping) [17] . Meta-analyses of exercise trials in women without cancer also support our observations that the site-specific effects of exercise on bone depend upon loading type [14, 32, 33] . In this study, the positive effect of POWIR on both upper body strength and spine BMD suggests that the resistance component of POWIR provided the vertebral load, whereas the discordant effects of POWIR on lower body strength (e.g., no significant effect) and hip BMD suggests that the impact component loaded the hip. Saarto et al. studied impact loading, via vigorous aerobic exercise, in posttreatment BCS and reported maintenance of femoral neck BMD in premenopausal patients but no effect at the spine [34] . The jumping program common to both our study and Saarto's confirms that impact loading can be osteogenic at the hip in women with breast cancer; however, it appears that more direct loading of the spine, i.e., via upper body resistance training, is necessary to prevent bone loss at this site. The additional load incurred from jumping with weighted vests on probably explains why hip BMD increased from POWIR compared with a maintenance effect at this site from jumping without added loads [34] .
An important caveat to our BMD outcomes is that POWIR was only effective in BCS past the acute phase of menopause. The positive influence of exercise on bone mass may be influenced by the estrogen environment. The net impact of hormonal, environmental (i.e., mechanical loading) and dietary influences on BMD result from the summation of bone resorption and bone formation processes over time. Both Lanyon and Dalsky argue that during estrogen deficiency, the osteogenic influence of exercise must compete with resorptive processes resulting from low estrogen and that exercise may be unable to influence bone during periods of high turnover [26, 35] . Increases in bone resorption are highest in the first year of menopause but slow thereafter, which may then permit exercise to exert its osteogenic effect [26] . Bone loss and resorption are particularly high in the first year of treatment-related menopause among BCS [4, 36] but then slow and may explain the differential effectiveness of POWIR on BMD in our sample. However, because the number of women in our sample who were recently menopausal was small (POWIR, N08; FLEX, N05), we could not explore a moderating effect of time since menopause on the bone response to exercise. The small sample likely contributed to the greater variance among recently menopausal women compared with women 1+years past menopause (Fig. 2) , suggesting that future studies that include bone as an outcome need to carefully consider time since menopause in the research design and sample determination.
The POWIR intervention maintained body fat percentage over time compared with an increase of just over 1 % body fat among controls, a similar magnitude of difference reported in our trial in premenopausal women without cancer [16] . Schwartz reported a similar maintenance effect from resistance training during adjuvant treatment in female cancer patients [37] , whereas Schmitz reported decreases of about 1 % body fat from resistance training in posttreatment BCS [38, 39] . While studies differ in the timing of the intervention relative to treatment, types of treatment, menopausal status, and specific training protocols, a consistent mean difference between groups of 1-2 % was found [16, 38, 39] . Though our study was not specifically designed to test for a dose-response, we found that participants who attended about two thirds of prescribed classes had significantly better improvements in body fat percentage than those attending less often. Increasing exercise duration at a given intensity is more effective for fat loss than increasing intensity and maintaining total volume (i.e., by decreasing duration) [40] . The ideal exercise prescription for optimizing body composition in BCS must be determined by appropriately designed trials.
A strength of this study is that it was the first to target an exercise program to prematurely menopausal BCS-a group at risk for bone loss and poor body composition [4, 41, 42] . Our exercise program was specifically designed to target clinically relevant skeletal sites based on the theoretical foundations for designing osteogenic loading regimens [13, 14] and results of our prior empirical work [17] . We also used an exercise placebo group rather than usual care to protect against unequal attrition, contamination by increased physical activity in controls, and risks associated with inactivity. Limitations of our study were the modest sample size and poor compliance to home-based training. Though our Fig. 3 Percent change in body composition among women in POWIR who attended more than or equal to vs. lesser than the mean attendance for supervised classes. Data presented as mean ± SE. *p<0.05, group × time interaction sample size was lower than other exercise studies in BCS with a bone outcome [34, 43] , our sample had sufficient power to detect differences in BMD, even using an ITT analysis. Adherence to our study classes was comparable to [39, 44] or greater than other center-based trials [34] ; however, adherence to the home program was low. We thought home-based exercise would be a reasonable strategy to deliver a thrice-weekly dose of exercise by allowing women to exercise one time a week at home, but supervised classes were better attended. Possibly the women gained added value from exercising with a group, a hypothesis that can be explored in a future trial.
The combined effect of treatments that alter body composition could predispose younger BCS to early onset health problems such as osteoporosis, fractures, sarcopenia, functional decline, falls, obesity-related diseases, and increased risk of breast cancer recurrence. Increased fat and reduced muscle mass could partly explain reports from younger BCS that their body image, physical function, and quality of life worsen after treatment [45] . Impact + resistance training may provide an optimal loading pattern to protect bone health at both clinically relevant skeletal sites and a metabolic stimulus to stop fat gain. Notably, we have shown that an exercise training program that improves bone and body composition in women without cancer can be safely performed and similarly beneficial in prematurely menopausal BCS, even during adjuvant hormone therapy.
